Introduction
The U.S. Geological Survey (USGS) cooperated with the Afghanistan Geological Survey (AGS) of the Afghanistan Ministry of Mines to assess the undiscovered non-fuel mineral resources of Afghanistan between 2006 and 2007. This report presents the results of this work and contains chapters describing and assessing the mineral resources of Afghanistan. An accompanying Geographical Information System (GIS) is an accompanying disk that includes supporting data. Funding for this effort was provided by the United States Agency for International Development (USAID).
Mineral resources are materials that are in such form that economic extraction of a commodity is currently or potentially feasible. The assessment estimates or evaluates the likelihood for the presence of undiscovered mineral resources within specific volumes of rock. Previously discovered deposits also are noted. This assessment of non-fuel mineral resources is quantified, where possible, in that the results are expressed in numbers. Because of the uncertainty inherent in assessment of the unknown, the results are presented probabilistically. This summary presents mean expected values (table 1, fig. 1 ).
Mineral resource assessments provide government decision makers and potential private investors and explorationists with information on where undiscovered mineral resources may be located, what kinds of resources are likely to occur, and how much metal may exist in them. This information makes possible wise management of natural resources.
Afghanistan has abundant mineral resources, but they were not successfully developed during the 20 th century. Nor have they been systematically studied using modern mineral-resource assessment methodologies. Most of the existing mineral-resource information and estimation of known resources was produced between the early 1950s and about 1985, when the Union of Soviet Socialist Republics (USSR) and its Eastern European allies provided Afghanistan with technical assistance. These data and information form much of the factual basis for this preliminary non-fuel mineral resource assessment. A wide variety of non-fuel mineral resources are known, including important deposits of copper, iron, chromium, silver, barite, sulfur, talc, magnesium, salt, mica, marble, ruby, emerald, and lapis lazuli. By 1985, Soviet surveys had also delineated potentially exploitable deposits of asbestos, nickel, mercury, gold, lead, zinc, fluorspar, bauxite, beryllium, and lithium.
The assessments for mineral deposits in this report are for deposits of non-fuel minerals classified and presented according to the 3-part USGS quantitative mineral assessment method that utilizes mineral deposit models. Estimates of undiscovered resources are made to a depth of 1 km beneath the surface of the Earth. If an area of permissive rock is covered by more than 1 km of rock known to be barren or younger than the mineralizing event under consideration, it is excluded from the tract (table 1). xxxi
Resource Summary
This preliminary assessment of non-fuel mineral resources addresses both the known and estimated metallic and non-metallic (industrial mineral) resources of Afghanistan on the basis of available data. The resources are summarized on table 1 and described below. Known resources are portrayed on figure 1. This preliminary assessment resulted in the identification of 20 promising mineralized areas where future development of mineral resources is likely to occur (figs. 1 and 2).
Metals
Copper (Cu) is present in a number of areas both in sedimentary and associated with porphyritic igneous rocks. The known sediment-hosted copper deposits are the Aynak, Darband, Jawkhar and Taghar deposits that contain resources of 12.3 million metric tons Cu. We predict the likely occurrence of several more undiscovered sediment-hosted copper deposits similar to the Aynak deposit in the Kabul and Logar Basin areas containing about 16.9 million metric tons Cu, 7,670 metric tons silver (Ag), and 601,500 metric tons cobalt (Co). The total amount of 29.4 million metric tons Cu from sedimentary rocks would make copper the most substantial non-ferrous metal resource in Afghanistan. Igneous rocks typical of geologic provinces containing porphyry copper deposits also are common in Afghanistan. Relatively little is known about the specific characteristics of the porphyry copper-like prospects in Afghanistan and there are no known deposits. Estimated resources in several prospects in the Herat, Kandahar, and Zabul Provinces are about 68,500 metric tons Cu with auxiliary amounts of gold (Au), lead (Pb), and zinc (Zn). We therefore assessed this deposit type using the general porphyry copper deposit model in 12 separate areas, which resulted in at least 8 estimated undiscovered porphyry copper deposits containing a mean of 28.5 million metric tons copper, 724,010 metric tons molybdenum (Mo), 682 metric tons Au, and 9,067 metric tons Ag. In some cases, these areas also are permissive for gold-bearing copper skarn and vein deposits, but no estimates of numbers of undiscovered deposits were made, because further study is needed (table 1-1).
Iron (Fe) deposits and occurrences are present associated with both sedimentary and igneous rocks. Sedimentary iron deposits present in central parts of Afghanistan are abundant, and the Haji Gak iron deposit (approx. 2 billion metric tons at 63 to 69 weight (wt.) percent Fe) is of world-class size and is sufficient to support a major mining operation. Known iron resources are present in a number of additional sedimentary deposits totaling 2.26 million metric tons of iron ore with greater than 62 wt. percent Fe. Additional discoveries are likely. A number of skarn or igneous-related deposits are present in Badakhshan, Farah, and Kandahar Provinces, the biggest of which is the Furmorah deposit that contains speculative resources of 35 million metric tons of ore having 47 to 68 wt. percent Fe with potential byproduct sulfur (S), phosphorous (P), nickel (Ni), and manganese (Mn). All igneous-related deposits are known to contain 178 million metric tons of ore at between 47 and 68 wt. percent Fe; additional discoveries are likely.
Gold (Au) is present both in hard rock lode deposits and in alluvial or placer deposits. A number of goldbearing quartz vein and skarn occurrences are present in Badakshan and adjacent Provinces. Additional gold-bearing veins and skarns in West Zabul and Western Ghazni Provinces are possibly related to Cretaceous porphyry copper deposits, which together have a measured resource of 1,780 kg of gold. Placer gold deposits are present in northern Takhar Province and in Ghazni Province and together have a measured resource of 918 kg. Additional discoveries are probable, and these gold-bearing occurrences could provide a source of local industry and employment from small-to medium-scale mining.
xxxii Lead (Pb) and zinc (Zn) deposits are present in sedimentary and igneous rocks. There are a number of carbonate sedimentary rock-hosted, vein-style deposits in central Afghanistan, such as Nalbandon in Ghor Province and Spira in Paktia Province that both lay along a major structural zone in the central part of the country. These deposits have previously been estimated to contain 153,900 metric tons of combined lead and zinc, but understanding their size and genesis requires further study. These Pb-Zn-Ba-(± Cu, Ag) deposits are of interest due to their potential to support local mining activity. Igneous-related lead-zinc skarns are common throughout areas identified to be permissive for porphyry copper deposits. The largest are the Darra-i-Nur and Kalai-Assad occurences in Kandahar Province that together contain about 90,000 metric tons of combined Pb and Zn.
Tin (Sn) and tungsten (W) occurrences are abundant in Afghanistan and the Tourmaline area in western Afghanistan was identified in this study as having potentially important tin deposits. The size and style of these deposits need further study.
Mercury (Hg) deposits are present along a 400-km-long by 30-km-wide permissive area in southwestern Afghanistan; this zone contains a number of hot-spring mercury occurrences with similar geologic characteristics. Known occurrences in this area may contain a mean expected value of 32,000 metric tons of undiscovered Hg, large enough to support a local mercury industry. There are likely numerous undiscovered deposits. Two other areas in west central and eastern Afghanistan also contain anomalous mercury zones. All the areas containing mercury might also contain silver and gold deposits.
Bauxite aluminum (Al).
Bauxite, the main source of aluminum, occurs in karst and laterite deposits at Obato-Shela, Zabul Province and Nalag (Tala), Baghlan Province and together contain 4.5 million metric tons bauxite ore grading 50.5 wt. percent alumina and about 12 wt. percent silica. Although the laterite deposits in Baghlan Province are the largest, their overall small size relative to deposits elsewhere, high silica content, and the need for large amounts of electricity to produce aluminum make bauxite mining unlikely in the near term.
Industrial Minerals
Asbestos is present in the Loghar and Khost Provinces in the same rocks that contain chromite; estimations for undiscovered deposits made by the USGS-AGS Assessment Team in these two locations give a mean of 13.4 million metric tons of undiscovered asbestos, which may be sufficient quantity to support a local industry.
Barite (BaSO 4 )
is present in a number of layered deposits in central Afghanistan, many of which are spatially related to lead and zinc deposits. The largest known occurrence is the Farenjal Barite deposit in Parvan Province that contains 150 million metric tons of barite. Barite is also present proximal to some iron deposits. The quantity of barite is probably sufficient to be used in local industry and in the exploitation of oil and gas.
Borate (HRBO 3 , where R= Mg, Mn, or Zn) may be present in some young evaporate deposits, and additional study of these environments in Afghanistan is recommended. Main commodities are copper, iron, lead and zinc, mercury, rare-earth elements, uranium, chromite, and gold. Industrial minerals are numerous and include asbestos, barite, celestite, clay, pegmatites minerals and elements, potash, sulfur, talc and magnesite, as well as building materials, such as dimension and decorative stone, glass sands, limestone for cement, and sand and gravel.
xxxviii Figure 2 . Map showing location and names of promising mineralized areas resulting for analysis of the preliminary assessment of non-fuel mineral resources in Afghanistan. These areas have been prioritized by task and recommended for detailed examination in Phase II. This detailed work would be designed to bring these areas to advanced development that could lead to exploitation.
xxxix
